Background: Condition-specific questionnaires are important components in evaluation of outcomes of surgical interventions. No condition-specific study methodological quality questionnaire exists for evaluation of outcomes of articular cartilage surgery in the knee.
Both patient-reported and clinician-measured outcome questionnaires are used to evaluate a patient's subjective impression and the clinician's objective assessment of the success of an intervention. Many different types of questionnaires to evaluate success exist: general health (eg, Short Form-36 ), 36 joint-specific (eg, American Shoulder and Elbow Surgeons [ASES] form), 42 limb-specific (eg, Disabilities of the Arm, Shoulder, and Hand [DASH] score), 24 and disease-or condition-specific tools. Disease-specific questionnaires are the optimal instruments to measure the response to an intervention in specific conditions (eg, Western Ontario Shoulder Instability [WOSI] score for patients with shoulder instability or Knee Numeric-Entity Evaluation Score [KNEES-ACL] for patients with anterior cruciate ligament [ACL] deficiency). 7, 27 In patients with articular cartilage disease of the knee, validated and reliable patient-reported outcomes are increasingly used to guide treatment recommendations. Although there is no consensus agreement on the gold standard outcome instrument in this patient cohort, the International Knee Documentation Committee (IKDC) subjective score, 16 Knee injury and Osteoarthritis Outcome Score (KOOS) subscores, 3, 9 and Lysholm knee scores 29 have acceptable properties to be used in patients with knee articular cartilage disorders.
Just as patient-specific outcomes are quantitatively evaluated, so is the methodological quality of individual studies. Unfortunately, the quality of articular cartilage literature has been limited by several methodological deficiencies, mostly in study design. 25, 45 More recent literature does, however, demonstrate significant improvements in study quality. 19 In the current era of patient satisfactiondriven outcome metrics used to rate cost-efficient physician performance and reimbursement, it is necessary to practice not only ''evidence-based medicine'' but also ''high-quality evidence-based medicine.'' 22 Just as clinical outcomes are primarily judged by patient-reported, condition-specific instruments, so should the assessment of study methodological quality via condition-specific questionnaires. The problem with generic questionnaires (eg, whole-body, limb-/joint-specific) is that they are not specific enough and ask irrelevant questions to the condition being investigated. The same lack of specificity to knee articular cartilage surgery exists for common contemporary methodological quality instruments, such as the Coleman Methodology Score. This tends to cluster quality scores around each level of evidence without significant variance between studies. 19 Although other investigations have modified the Coleman Methodology Score to evaluate the quality of autologous chondrocyte implantation (ACI) studies, 31 no knee articular cartilage study-specific quality questionnaire exists that is based on all methodological quality scores and all types of articular cartilage surgery. The purpose of this study was to develop a reliable and valid knee articular cartilage-specific study methodological quality questionnaire. The novel questionnaire would be used to evaluate the quality of studies reporting outcomes of articular cartilage surgery in the knee.
MATERIALS AND METHODS
The framework for development of a condition-specific methodological quality questionnaire for knee articular cartilage studies has not been established. In fact, this type of questionnaire has not been utilized for any condition in orthopaedic surgery, sports medicine, or related fields. The salient steps for development include (1) identification of relevant items from existing surgical outcome study quality questionnaires (Table 1) ; (2) identification of all patient-, knee-/limb-, defect-, and intervention-specific parameters relevant to patients undergoing articular cartilage surgery of the knee; (3) identification of all measures of outcome assessment; (4) item generation; (5) item reduction; (6) instrument pretesting; (7) item weighting; and (8) evaluation of instrument validity and reliability.
Item Identification, Item Generation, and Item Reduction
Instrument items are questions that may be dichotomous or polytomous. The items included in the final instrument may only exist if identified at the earliest stage of instrument development. Thus, this stage is the most important in creation of a novel questionnaire. The purpose of the new condition-specific instrument was to assess the quality of surgical knee articular cartilage investigations. The methodological quality of a study incorporates many factors and includes, but is not limited to, study design, conduct, reporting, analysis, interpretation, and external validity or generalizability of the findings. It has been defined as the ability that a study design will generate unbiased results and approach ''the truth.'' 1 A recent systematic review was used to evaluate the quality of 194 articular cartilage studies in the knee using 9 different study methodological quality questionnaires. 19 There were 124 total individual items within the 9 questionnaires. Duplicate items were removed, leaving 31 acceptably similar patient-, knee-/limb-, and defect-specific parameters were removed, leaving 14 (patient), 11 (knee/ limb), and 12 (defect) unique items. The sum of the potentially inclusive items was 91 ( Figure 1 ).
Focus Group Identification
To establish face validity, a focus group was created of 5 board-eligible sports medicine fellowship-trained orthopaedic surgeons and 3 board-certified sports medicine fellowship-trained (4, 9, and 24 years of experience) orthopaedic surgeons all familiar in treatment of articular cartilage injury in the knee. Face validity represents the ability of a questionnaire to measure what it is intended to measure using experts in the topic at hand. 8 This subjective property is considered valid if the items in the instrument represent all the relevant characteristics of the investigated condition (knee articular cartilage surgery) according to the subject matter experts. 39 All members of the focus group reviewed all potentially inclusive items (n ¼ 91) and ranked them using a Likert-style questionnaire ranked 1 (strongly irrelevant) through 5 (strongly relevant) based on relevance of the item to the subject of articular cartilage surgery study methodological quality. Irrelevant and redundant items were removed. This procedure was repeated after a minimum of 1 week to avoid recall bias. Subtle modifications to individual items were done via group consensus. A total of 19 items were deemed relevant and included in the final questionnaire. Furthermore, to ensure optimal content validity, all focus group members were asked to provide any unmentioned items from the initial 91. No new or already present modified items were identified for new inclusion.
Pretesting
Pretesting the instrument is used to identify any weaknesses or problems with the final set of questions. All study authors were aware of the study purpose being development of a questionnaire that evaluates the quality of published articular cartilage studies and not the individual subjects' clinical outcomes. The instrument was administered to 2 study authors (1 board-eligible sports medicine fellowshiptrained orthopaedic surgeon and 1 orthopaedic surgery resident physician) using 10 randomly selected studies from a group of 194 studies from a prior systematic review of methodological quality of articular cartilage studies. 19 Slight modifications were made to questions after consensus between authors after using the questionnaire for these 10 studies. The mean length of time needed to complete analysis of 1 study using the questionnaire (application of all 19 items to 1 study) was 4 minutes, 37 seconds.
Weighting
The authors chose to weight different items in the questionnaire differently, as some items contribute more to the overall importance of study quality. Although it was discussed to weight all items the same, this method was rejected via focus group decision as it would inevitably under-or overestimate the importance of some items. Based on the focus group's initial analysis of item relevance and importance, 19 items were selected for final inclusion in the instrument. Of these 19 items, the top 4 items were noted to be numerically the highest ranked importance (4.86, 4.57, 4.57, 4.57: length of follow-up, level of evidence, randomized trial, use of validated outcome scores, respectively). Furthermore, each focus group member was asked to also rank, in list order, their top 5 items for importance. The latter 4 were all included in all members' lists. Therefore, it was decided to weight these items with greater importance.
Validity and Reliability
A valid questionnaire is one that measures what it is supposed to measure. Validity may be established via 3 broad methods: content (face), criterion (concurrent), and construct validity. Face validity is established with an Figure 1 . Flowchart illustrating the selection of 91 unique individual items via item identification, generation, and reduction for focus group review, analysis, and Likert-style ranking.
expert-based focus group panel discussion and selection of appropriate items for inclusion in the instrument. Criterion validation is performed with comparison of the new instrument to a previously established gold standard. In the setting of articular cartilage literature, the new instrument, the MARK score (Methodological quality of ARticular cartilage studies of the Knee), is compared with other methodological quality instruments (Table 1) . However, it must be recognized that no instrument has been designated as the ''gold standard'' methodological quality score. Correlation coefficients were used to examine the relationships between the described assessment tools. Values ranged from þ1 (perfect positive correlation) to -1 (perfect negative correlation). Values greater than þ0.7 were considered strongly positive correlations. A Shapiro-Wilk test indicated normal distribution for the MARK score and the Modified Coleman Methodology Score (MCMS). Comparisons were made using Pearson correlation coefficients for MARK versus MCMS, while all other MARK comparisons were made using Spearman correlation coefficients. Construct (convergent or discriminant) validation was not performed. Both inter-and intraobserver reliability was assessed via a 2-way mixed, single measures, intraclass correlation coefficient (ICC). ICC was acceptable if !0.70 (strong, !0.90; good, 0.80-0.89; fair, 0.70-0.79; poor, 0.69). Intraobserver reliability was assessed in 2 rounds with a 3-week interval to reduce recall bias via all 194 studies used in a recent articular cartilage systematic review. 19 Interobserver reliability was assessed for the overall MARK score and for each individual item via all 194 studies used in a recent articular cartilage systematic review. 19 Internal consistency of the data was assessed via Cronbach alpha. For all statistical analysis, P < .05 was statistically significant. SPSS version 18.0 (IBM, Armonk, New York, USA) was utilized for statistical analysis.
RESULTS
The MARK score has 19 items (Figure 2 ). The maximum raw score is 32; the minimum raw score is 0. The score is scaled to 100, with final score being: MARK score ¼ (raw score/32) Â 100. Three domains exist within the questionnaire: (1) study design methods (6 items), (2) subject or surgical demographics (5 items), and (3) outcome assessment (8 items).
Criterion Validity
The Pearson rank order correlation coefficient demonstrated a strongly positive correlation between MARK and MCMS (r ¼ 0.772, P < .001). The Spearman rank order correlation coefficient demonstrated a strongly positive correlation between MARK and Cochrane Bone, Joint, and Muscle Trauma Group Quality Assessment Score (r ¼ 0.700, P ¼ .002), medium correlation between MARK and Delphi List (r ¼ 0.434, P ¼ .081), and small correlation between MARK and CLEAR-NPT (checklist to evaluate a report of a nonpharmacological trial) (r ¼ 0.128, P ¼ .624) and between MARK and Detsky (r ¼ 0.100, P ¼ .702).
Inter-and Intraobserver Reliability
Interobserver reliability ICC for all individual items of the MARK score were acceptable (!0.70) ( Table 2) . Interobserver reliability ICC for overall MARK score was acceptable. Intraobserver reliability ICC assessed over a 3-week interval was strong for both reviewers (!0.90).
DISCUSSION
A valid and reliable knee articular cartilage-specific study methodological quality questionnaire was developed. This questionnaire is not intended to evaluate patients' clinical outcomes but rather used to evaluate the quality of studies reporting outcomes of articular cartilage surgery in the knee. This instrument generates a raw score that is easily convertible to a MARK score (minimum, 0 points; maximum, 100 points). Given that patient-reported, condition-specific outcomes are among the best quantitative evaluations of the result of an intervention, so should the assessment of study methodological quality via condition-specific questionnaires. The MARK score is certainly not intended to replace but rather to supplement existing instruments and scores.
Each item on the MARK score intends to address relevant information that correlates with or is predictive of the outcome of surgical treatment of a chondral defect of the knee. Higher levels of evidence (item 1) should be more convincing to clinicians attempting to solve a clinical problem. 46 Although the best evidence study design is a high-quality randomized trial, sometimes this trial type is impossible (perhaps because a true control group does not exist, like in articular cartilage surgery) and ''lower'' levels of evidence are the best available. The presence of a financial conflict of interest (item 2), may present a bias to the reader that, even when disclosed, may affect outcome interpretation. However, industry funding is often necessary to support research, given constraints and limits imposed by public and government sources for distribution and utilization. Nonetheless, the level of evidence of industry-funded research is lower than that found in non-industry-funded research or investigations funded by government or public sources. 40 Presentations of authors with financial conflicts of interest have been found to more likely describe positive findings. 41 More recently, publications with conflicts of interest present have also contributed to the increase in negative outcomes of studies reported in the literature with later publication dates. 23 In a recent systematic review, there was a significant increase in the number of studies that adequately reported either the presence or absence of a financial conflict of interest, reflecting journal editors' and study authors' recognition of the impact that these conflicts may have on study outcomes.
The Jadad scale is a very simple (3 items) tool used to evaluate the quality of a randomized trial. Although sometimes criticized because of its simplicity, it is the most widely used quality tool internationally and was integrated into the MARK score (item 3). Sample size calculation (power analysis) is necessary to determine the minimum 
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Cartilage-Specific Study Quality Score 5 sample size needed so that an investigation is powered to detect an effect of a given size. Of the 16 randomized trials analyzed in this review, only 5 (31%) performed an appropriate power analysis based on validated cartilage outcome scores. The mean number of the minimum sample sizes reported in these 5 studies was 30, hence the selection of 30 subjects per group as the threshold found in item 4. Transparent subject enrollment with explicit inclusion and exclusion criteria is a necessary important component of all studies, including cartilage research (item 5). This was illustrated in that 8 of 9 study quality questionnaires used in a recent review used it as an individual item. 19 Unfortunately, it was also identified as a significant weakness in most articular cartilage studies due to seldom reporting.
Length of clinical follow-up is a key component of the assessment of outcome of articular cartilage surgery, as it reflects the durability of the intervention. In other words, can the surgery halt the progression of degenerative changes? Many generic quality questionnaires (eg, MCMS) report 2 years as ''long-term'' follow-up. However, for ACI, it takes 2 years for tissue maturation based on previous investigations utilizing second look arthroscopy and biopsy. 5, 12 Furthermore, it can take athletes up to 2 years to recover following ACI. 17 It is also known that fibrocartilage wear and durability can lead to declines in clinical outcome beginning as early as 18 to 24 months after microfracture. 13, 30, 32, 38 Thus, 2 years is clearly insufficient for defining ''long-term'' follow-up. Weighting of this item in the MARK score (item 6) reflects the importance of longterm follow-up in being able to adequately assess the outcome of the intervention performed. This is also evident in the weighting of the item during the weighting stage of instrument development. Prior (item 7) 10,34,37 and concomitant (item 8) 14, 18, 20 surgeries have the potential to significantly influence cartilage surgery. Since most of the articular cartilage literature permits these other procedures, the true outcome of the intervention performed is confounded.
Transparent study reporting is necessary for all clinical studies with satisfactory descriptions of surgical technique (item 9), postoperative rehabilitation (item 10), and subjects (item 13), as many of these factors influence outcomes. 2 Factors relevant to ACI include biopsy location, size, and number of cells; biopsy age at time of implantation; cover choice (periosteum, type I-III collagen membrane, 3-dimensional scaffold); defect shouldering; verticality of walls; and management of calcified cartilage zone (kept intact). 2, 11, 12, 43 Regarding microfracture, 11, 43, 44 For both autograft and allograft osteochondral transfer, the number, size, depth, donor site, and placement (flush/proud/recessed) of plugs warrant mention. 15, 21, 35 For allograft, sterilization and storage methods are introduced. 6, 33 Following cartilage surgery, rehabilitation (especially joint motion and weightbearing status) plays a vital role and merits discussion. 28, 44 Patient description of age, sex, body mass index, smoking status, duration of symptoms, and prior treatments all influence cartilage surgery outcomes. 2, 26 Given the distinct differences between anatomy, biomechanics, and surgical techniques of patellofemoral and tibiofemoral lesions, their outcomes should be reported separately (item 11). Similarly, chondral and osteochondral defects behave differently and should be reported as such (item 12).
The importance of using patient-reported outcomes with optimal psychometric properties (item 14) and assessing patient satisfaction (item 15) cannot be overemphasized, as they provide the best evaluation of the true outcome of the intervention. To reduce detection bias, use of an independent examiner is necessary in measuring clinical, radiographic, or histological outcomes (item 16). As with any surgical technique, a safety profile must be known and complications and reoperations reported (item 17), especially given the high rate of reoperation following certain cartilage techniques. 18, 20 Although infrequently reported in short-and medium-term investigations, radiographic examination is necessary to monitor for the potential development and progression of osteoarthritis (item 18). Similarly, newer advanced magnetic resonance imaging techniques have the ability to detect both articular cartilage structure and physiology both before and after surgery and also predict clinical outcome (item 19). 4 A recent study quality investigation exclusively evaluating ACI analyzed 18 studies and 731 subjects based on use of only the Coleman Methodology Score (high internal validity). 31 Thus, the latter is a highly specific questionnaire appropriate to analyze studies on ACI. The current questionnaire is, in no way, ''better'' or ''worse'' than the ACI-specific questionnaire. The basis for the current questionnaire was a systematic review of 194 studies and nearly 12,000 subjects on all articular cartilage surgery with production of a new questionnaire based on use of 9 separate methodological quality questionnaires (with a concurrent increase in generalizability and external validity).
Limitations
The MARK score was appropriately developed and tested for reliability and validity. Nonetheless, limitations in it and its use may exist. First and foremost, it must be emphasized that this instrument is intended to measure the quality of a study, not the outcomes of the study. Thus, it measures not just the design and performance of the study but also the actual reporting of the study. It does not measure what the patient reports or the clinician measures as the outcome of individual subjects. The measurement of study quality via the MARK score was all made from a separate study. 19 Measurement of the MARK score in this study and the other 9 instruments from the latter study are subject to performance and detection bias from individual reviewers. The latter study, although inclusive of 194 studies, only included studies from the past 10 years of articular cartilage research, thus potentially creating selection bias. Another potential source of selection bias is that the reviewers and focus group members were orthopaedic surgeons and not biostatisticians or epidemiologists. The lack of construct validity (convergent or discriminant) also represents a limitation. However, given the multifactorial nature of knee articular cartilage surgery, the authors utilized face validation using our cartilage surgeons' focus group with nearly 5 decades of experience for the purposes of this investigation. In addition to face validity, the MARK score demonstrated a strong correlation with the MCMS and the Cochrane Bone, Joint, and Trauma Muscle Group Quality Assessment Score (criterion validity). The Cochrane score is currently used by the largest evidencebased medicine network for the assessment of study quality in the world, the Cochrane Collaboration. The MCMS is currently one of the most popular assessment tools in orthopaedic surgery. However, only moderate or small correlations were demonstrated for the other quality assessment instruments used. It is possible that, despite efforts to appropriately weight each item on the questionnaire, weighting emphasis was misplaced on certain items to overemphasize (greater point value assignment) or underemphasize (smaller point value) their importance or contribution to the overall quality of the study. Furthermore, there may be slight redundancy in certain items on the questionnaire (eg, items 1 and 3, level of evidence and study randomization). However, this is a method that places greater emphasis on higher quality study design. Furthermore, question content overlap is a constituent of validation that attempts to avoid or minimize question content redundancy without loss of necessary content. It is certainly not feasible for authors and/or readers to assess a single or multiple studies via several different questionnaires. Therefore, the most appropriate type of questionnaire for each condition being studied should be used, with reasonable amounts of time required for reading the investigation and grading it using the instrument. The field of articular cartilage surgery in the knee is rapidly growing, as is the associated international financial investment. Thus, the best gauge of the quality of the literature, an articular cartilage-specific methodology score, is a useful and beneficial development. Future research may apply this same methodology to other common conditions.
CONCLUSION
We believe a valid and reliable knee articular cartilage condition-specific study methodological quality instrument, the MARK score, has been developed. This conditionspecific questionnaire may be used to evaluate the quality of studies reporting outcomes of articular cartilage surgery in the knee.
